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ABSTRACT 
The symmetric dynamic behaviour of two types of Very 
Large Floating Structure (VLFS) is investigated. The structures 
are of pontoon (or mat like) and semi-submersible type and 
have the same beam, length and displacement.  
The responses for these stationary and free-floating 
structures in regular head waves are investigated using the 
three-dimensional hydroelasticity theory, applicable to 
structures with arbitrary shape. The dry analysis is carried 
out by discretising the structures using beam and shell finite 
elements, as appropriate. The solution of the fluid-structure 
interaction problem is achieved through a pulsating source 
distribution whereby the mean wetted surface of either 
structure is discretised using four-cornered panels. 
The symmetric dynamic characteristics of both structures 
are compared, both in vacuo (e.g. natural frequencies and mode 
shapes) and in water (e.g. generalised added mass and 
hydrodynamic damping). Predicted responses such as vertical 
deflections and direct stresses, in regular head waves, are also 
discussed and compared. 
 
Key words: Hydroelasticity, Very Large Floating 
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There is no doubt that research on the field of VLFS has 
been growing within the last ten years or so. The idea of 
utilising mega floating structures as military bases, airports, 
manufacturing facilities or even civil habitations has attracted 
considerable attention from researchers. Geometrically there 
are two distinctive types of VLFS that have been investigated, 
namely Pontoon and Semi-Submersible (SS). 
A pontoon type VLFS has a relatively simple geometrical 
shape. One distinctive feature of this type of VLFS is that it has 
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structure it is treated as a mat like object of either very thin or 
zero thickness (Lemke [1987], Ohkusu & Nanba [1996], Ma 
& Hirayama [1997], Kashiwagi [1998(a)]).  
On the other hand a VLFS of SS type usually has a much 
bigger draft compared to mat like structures (Ma & Hirayama 
[1997], Kashiwagi [1998(b)], Murai et al. [1999]). In addition, 
its underwater shape is more complex.  
Although the three-dimensional hydroelasticity method has 
been employed (e.g. Ma & Hirayama [1997] in the case of 
pontoon) to investigate the hydrodynamic behaviour of both 
types of structures, the simplicity of the pontoon type means 
that, in general, the tasks of carrying out structural analysis and 
hydrodynamic idealisation are easier. In the case of semi-
submersible, methods such as sub-grouping have been 
employed to facilitate the analyses (e.g. Kashiwagi [1998(b)], 
Murai et al. [1999]). 
Experimental results have also been obtained by various 
authors. Toki (1979) was one of the pioneers to carry out 
experiments on SS models; while, for example, Yago & Endo 
(1996) carried out experiments on hydroelastic behaviour of 
box-shaped structures. 
The investigations reported in this paper focus on the 
symmetric (i.e. vertical motions and distortions only) dynamic 
behaviour of a pontoon and a semi-submersible VLFS, 
stationary and free-floating in regular head waves, predicted by 
the three-dimensional hydroelasticity theory developed for 
arbitrarily shaped structures (Bishop et al., [1986]), following a 
preliminary investigation by Price et al. (1996). Both structures 
have a length of 1000 m and beam of 100 m. The pontoon 
VLFS is a uniform hollow rectangular barge whose structure 
can be idealised either as a uniform beam or as a flat plate. The 
SS is modelled as a solid uniform plate supported by 2×20 
hollow cylindrical columns. Both structures have the same 
displacement.  
Since head wave condition is investigated in this paper, 
only symmetric behaviour is considered. However it should be  ight © 2002 by ASME Copyright © 2002 by ASME 
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Downloaemphasised that, in practice, a VLFS is usually subject to 
waves coming from different directions. Therefore, behaviour 
of VLFS in oblique waves is also of equal significance, which 
necessitates the inclusion of antisymmetric distortions. To this 
end, deformations and pressure distributions of pontoon type 
VLFS in oblique waves have been studied by authors such as 
Kashiwagi (1996) or Takaki & Gu (1996), using plate 
idealisation. 
While most of VLFS investigations carried out previously 
have length/beam ratios of less than 5, the structures 
investigated in this paper have length/beam ratio of 10. This 
makes the structures much slender and, hence, the influence of 
transverse deflection is far less significant than it is in wider 
structures. It should be noted, however, that slender VLFS have 
been investigated in the past, for example, the multi-module 
structure by Riggs & Ertekin (1998 and 1999). 
In this paper, for the dry analysis stage of hydroelasticity 
the pontoon structure is idealised using both beam and plate 
idealisations. On the other hand, the SS structure is idealised 
entirely by shell elements, representing the deck (modelled as a 
thin plate) and the walls and bases of the supporting cylindrical 
columns. For the wet analysis stage, a pulsating source 
distribution over the mean wetted surface, which is discretised 
using four-cornered panels, is used.  
The aim of the investigation is to compare the structural 
dynamic (dry analysis) and hydrodynamic characteristics (e.g. 
generalised added mass) of these two structures which are of 
the same size but different geometry, as well as their dynamic 
behaviour (e.g. deflections and stresses) in regular head waves. 
The analysis is carried out for the symmetric (i.e. vertical 
bending) dynamic behaviour only. To add a touch of realism to 
the analysis, a 3.5 m regular wave amplitude is used, which 
may be thought of as representing typical operational 
conditions for VLFS, e.g. sea state 6 or 7. 
This paper focuses on the steady state behaviour of two 
different types of VLFS in regular waves; however, behaviour 
in irregular seaways together with allowing for slamming 
induced excitation and response are also important. In fact, 
studies on behaviour of VLFS in short crested waves have been 
carried out by some authors such as Ma & Hirayama (1997), 
whilst Faltinsen (1996) or Yoshimoto et al. (1996), for 
example, carried out investigation of slamming on VLFS 
structures. 
Since both structures have very thin plates (in the case of 
SS, the deck is, relatively speaking, the primary structure), their 
flexural rigidity is small and, therefore, distortions play a more 
important role than rigid body motions; hence, the results 
presented focus only on the distortional modes. 
 
NOMENCLATURE 
A, B, C Generalised added mass, hydrodynamic 
damping and restoring coefficient matrices 
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stiffness matrices 
a Wave amplitude 
arr, brr Diagonal elements of a, b 
i −1  
L Length of VLFS 
p Complex principal coordinate amplitude 
vector 
p(t) Principal coordinate vector 
pr Complex principal coordinate amplitude of 
the rth mode 
u  Displacement vector 
ur, vr, wr Components of displacement vector 
V  Displacement volume 
λ  Length of regular wave 
νr  Structural damping factor of the rth mode 
Ξ Generalised wave excitation vector 
Ξr  Generalised wave excitation of the rth mode 
ρ  Water density 
σx  Longitudinal direct stress 
ω Wave frequency 
ωr Natural frequency of dry hull for the rth mode 
 
THEORETICAL BACKGROUND 
Equations of Motion 
For a structure floating in regular waves, the equations of 
motion can be written as (Bishop et al. [1986]): 
 
a A+ + + +( ) &&( ) ( ) & ( )ω ωp b B pt t   
 
+ + =( ) ( ) ( )c C p t ei tΞ ω ω    (1) 
 
where a, b, c are the generalised mass, structural damping and 
stiffness coefficient matrices and A, B and C are the 
generalised added mass, hydrodynamic damping and fluid 
restoring coefficient matrices, respectively. Ξ is the wave 
excitation vector and p(t) is the principal coordinate vector. 
Since both structures are treated as stationary, the encounter 
frequency is equal to the wave frequency, ω, itself. 
The dry analysis produces information such as natural 
frequencies, principal mode shapes, model internal actions (e.g. 
modal direct stress, bending moment, etc) and generalised 
masses and stiffnesses for the structures. The structural 
damping is assumed diagonal and expressed as brr = 2νrωrarr, 
where νr is the structural damping factor and ωr the natural 
frequency of the rth mode (Bishop & Price [1979]). 
To obtain the generalised added mass, hydrodynamic 
damping and wave excitation (incident wave and diffraction 
components), the mean wetted surface is idealised using four-
cornered panels with a pulsating source placed in each panel.  by ASME Copyright © 2002 by ASME 
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DownloaSolution in regular waves is obtained from Eq. (1), where 
principal coordinates are assumed to be a simple harmonic 
function having the frequency of wave, p(t) = p.exp(iωt), 
where p denotes the complex principal coordinate amplitude.  
Having obtained the principal coordinate amplitudes, the 
responses, such as vertical deflection and longitudinal direct 
stress in regular waves can be determined using modal 
summation, namely: 
 

















   (3) 
 
where r =1, 2, 6, denote rigid body modes and 7, 8, , N, 
flexible modes. Note that in this paper only symmetric modes 
are considered. 
It should be noted that where shell elements are used to 
idealise the deck (considered as thin plate) of the VLFS, the 
direct stress may also vary across the deck as well as along the 
deck, i.e. σx(x,t) becomes σx(x,y,t). In addition for the SS, there 
will also be stress variations along the height of column walls, 
which are not reported in this paper. 
 
STRUCTURES AND MODELS 
The principal particulars of the pontoon and SS VLFS are 
presented in Table 1. The pontoon VLFS is a uniform hollow 
rectangular box with depth/draught ratio of 2. The thickness of 
this box was taken as 50 mm, resulting in a vertical bending 
rigidity of 86100 GNm2. When idealising the pontoon as a 
solid thin plate, the equivalent plate thickness was obtained 
from ensuring the same displacement (i.e. mass). As a result an 
equivalent Youngs modulus is used to ensure that this thin 
plate also has the same vertical bending rigidity as the box. 
The ANSYS finite element software was used for the dry 
analysis (ANSYS [1994]). The structure of the pontoon was 
modelled using two idealisations: (i) beam idealisation using 80 
BEAM4 elements along the VLFS, and (ii) thin plate 
idealisation using 320 (i.e. 40 along and 8 across the body) 
SHELL63 elements, as can be seen from Fig. 2(a). 
BEAM4 is a uniaxial element with tension, compression, 
torsion and bending capabilities. The SHELL63 element has 
both membrane and bending capabilities, with the latter 
neglected in the ensuing analysis. Both types of elements have 
six degrees of freedom at each node. 
The semi-submersible comprises a deck that is modelled as 
a flat plate (in practice the deck can be, for example, a hollow 
box), supported by 40 cylindrical columns (2 rows of 20 
columns in each row). The longitudinal and athwartship 
distances between the column axes are the same, namely 50 m, 
as can be seen in Fig. 1. It should be noted that the depth of 25 
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as material density and Youngs modulus. As a result, the 
equivalent deck (thin plate) thickness is smaller than that of the 
pontoon. With the given thickness (as in Table 1) the vertical 
bending rigidity of the SS deck about the neutral axis of the 
deck alone is, approximately, half of that of the pontoon. For 
the dry analysis the SS structure is idealised using 2560 
SHELL63 elements for the deck and columns walls and bases, 
as shown in Fig. 1. 
The mean wetted surface of the pontoon is an open top 
rectangular box, idealised using 1472 four-noded panels. This 
idealisation is more refined than the structural FE idealisation, 
in order to ensure reasonable panel aspect ratios for the vertical 
sides of the rectangular box. 
The mean wetted surface of the SS consists of 40 
cylindrical columns, whose surface (walls and bases) was 
idealised using a total of 1280 four-cornered panels, adopting a 
one-to-one correspondence with the FE structural idealisation 
(see Fig. 1).  
Table 1: Principal particulars of the pontoon and SS 
 Pontoon SS 
Length (m) 1000 1000 
Breadth (m) 100 100 
Depth (m) 12.5 25 
Draught (m) 6.25 22 
Displacement (tonnes) 640625 640625 
Number of columns None 20×2 
Deck thickness (m) 0.8192 0.6307 
Column height (m)  25 
Column thickness (m)  0.2 
Vertical Bending Rigidity (Nm2) 8.61×1013 3.94×1013 
Number of panels 1472 1280 
Wetted surface area (m2) 113750 111212 
 
MODAL ANALYSIS AND HYDRODYNAMIC ACTIONS 
Dry (in Vacuo) Analysis 
The natural frequencies (rad/s) for the first seven 
symmetric (vertical bending) modes for the pontoon and the SS 
are shown in Table 2.  
Table 2: Natural frequencies (rad/s) of the pontoon and SS  
Mode ωr(pontoon) ωr(SS)  [ωr(pontoon) /ωr(SS)]2
2-node 0.260  0.166 2.45 
3-node 0.718 0.455 2.49 
4-node 1.410 0.885 2.54 
5-node 2.337 1.454 2.58 
6-node 3.500 2.154 2.64 
7-node 4.902 2.981 2.70 
8-node 6.543 3.923 2.78 
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principal modes are shown in Figs. 2(a) and 2(b) for the 
pontoon and SS, respectively. All mode shapes are normalised 
to unit generalised mass. 
The natural frequencies of the SS are smaller than those of 
the pontoon, reflecting the differences in vertical bending 
rigidity. For the pontoon, natural frequencies and mode shapes 
obtained for symmetric modes using beam idealisation are very 
close to those shown in Table 2 and Fig. 2(a). Hence the beam 
idealisation of the pontoon is not discussed in the remainder of 
this paper. 
The impression one gets from Fig. 2(b) is that the vertical 
cylindrical columns do not affect the character of free vibration 
of the SS, for the first few mode shapes. The cylindrical 
columns follow the distortion of the SS deck. Table 2 also 
contains the square of the ratio of the pontoon to SS natural 
frequencies. If one were to compare two thin uniform plates 
with scaled bending rigidities, this ratio should have been equal 
to the ratio of the respective rigidities, i.e. 2.19. It can, 
however, be seen from Table 2 that this ratio is not complied. 
Instead it has a value of 2.45 for the 2-node mode shape and 
increases with the modal complexity. This indicates that, as far 
as free vibration is concerned, the presence of the columns 
results in reductions in natural frequencies, and that the more 
complex the mode shape becomes, the larger this reduction is, 
by comparison to the pontoons free vibrations. 
It should also be noted that the natural frequency 
corresponding to the first antisymmetric (twisting) mode occurs 
at 1.58 rad/s and 1.33 rad/s for the pontoon and SS, 
respectively. 
Hydrodynamic Actions 
The non-dimensional diagonal generalised added mass and 
hydrodynamic damping for the first four symmetric modes are 
shown in Figs. 3 and 4, respectively. These have been non-
dimensionalised by the generalised mass and generalised 
structural damping, respectively. 
Figure 3 shows that added masses for the two structures do 
not change dramatically with wave frequency. Also added 
masses of the SS are larger than those of the pontoon, 
especially when the complexity of the mode shape increases. 
This can be explained based on the shallowness or the 
thinness of the pontoon structure. Even though the pontoon 
and SS have almost the same wetted surface area, the 
difference in the under water geometry and draught leads to 
different trends of behaviour of added masses in the structures. 
Similarly, hydrodynamic damping coefficients of the pontoon 
are, in general, smaller than those of the SS. 
It is noted in Figs. 3, 4 and 5 that the graphs of generalised 
added mass and hydrodynamic damping, as well as wave 
excitation amplitude start to fluctuate at frequencies of about 
0.65 and 1.25 rad/s for the SS and pontoon structures, 
respectively. This fluctuation is caused by irregularity, where 
the Fredholm integral equation of the second kind, used in the 
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irregular frequency is estimated to occur at about 0.72 and 1.26 
rad/s for the SS and pontoon structures respectively. 
For the pontoon, negative values for the generalised 
hydrodynamic damping coefficients are encountered for wave 
frequencies larger than, approximately, 1.4 rad/s, as can be seen 
from Fig. 4. This is believed to be a result of the idealisation of 
the pontoon mean wetted surface. Evaluation of hydrodynamic 
damping using a less refined mesh showed that it became 
negative at smaller frequencies and the magnitude of the 
negative values were much larger. This is a result of the 
shallow draft geometry and the resultant difficulties associated 
with idealising the mean wetted surface with suitable panel size 
and aspect ratio. Zero generalised hydrodynamic damping for 
the diagonal coefficients was assumed in this frequency region 
when evaluating responses to regular waves. However, the 
responses associated with frequencies in this region are not of 
significance, as can be seen from Figs. 7 and 10. 
The generalised wave excitation amplitudes, non-
dimensionalised by ρgaV, are shown in Fig. 5. It can be seen 
that those for the pontoon generally decrease as wave 
frequency increases, while those for the SS remain almost 
constant at low frequencies.  
 
RESPONSE IN REGULAR WAVES 
Principal Coordinates 
The response of both pontoon and SS are predicted whilst 
they are stationary in regular head waves of 3.5 m amplitude. In 
the calculations only the first seven symmetric mode shapes, 
shown in Table 2, were included. In fact, it has been observed 
that the amplitude of principal coordinate becomes negligibly 
small after the first four modes. Therefore, even though the 
responses in regular waves are calculated by superposition of 
responses in the first seven symmetric modes, only the first 
four are discussed in detail. 
Resonances of the first four symmetric modes occur at 
0.31, 0.725, 1.40 and 2.33 rad/s for the pontoon and at 0.16, 
0.45, 0.87 and 1.41 rad/s for the SS, respectively. These 
resonances can be identified from the peaks of the 
corresponding principal coordinate amplitudes shown in Figs. 6 
(a,b). These resonances occur at the very vicinity of their 
respective in vacuo natural frequencies, some at lower and 
some at higher values than the dry hull natural frequencies.  At 
first glance, it is rather surprising to observe that the first two 
wet resonance frequencies of the pontoon are slightly larger 
than their respective natural frequencies. An explanation can be 
offered, however, by approximating the wet resonance 
frequency as follows: 
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frequencies do occur at lower values than the natural 
frequencies, mainly due to the influence of added mass. 
However, it should be borne in mind that in the cases 
investigated the effect of fluid restoring is considerable. For 
example, for the first mode (2-node, r = 7) of the pontoon 
C77/c77 = 0.46, whilst A77/a77 = 0.04. As a result, the wet 
resonance occurs at a higher value than the dry hull natural 
frequency, as described by Eq. (4) (the ratio of wet resonance 
to dry hull natural frequency at this mode is 1.18). Similarly for 
the 3-node mode (r = 8), C88/c88 = 0.05 and A88/a88 = 0.03, 
resulting in a ratio of wet resonance to dry natural frequency of 
1.01. 
Although the principal coordinate amplitude at the 
corresponding resonance is dependent on the amount of 
damping (both structural and hydrodynamic damping), one can 
see that for the pontoon the principal coordinate peak 
amplitudes reduce with increasing modal complexity. This is 
also true for the SS with one notable exception, namely the 
peak amplitude corresponding to the 3-node mode is much 
larger than that of the 2-node mode. This indicates that for the 
SS the 3-node distortion is as significant as, or even more than, 
that of the 2-node mode shape, as will be verified when 
investigating deflections and longitudinal direct stresses. 
It is also noted that the effects of hydrodynamic damping 
on the resonances are different between the pontoon and the 
SS. For example, in the vicinity of the 2-node resonance, the 
ratio of hydrodynamic damping to structural damping is 3 for 
the pontoon and only 0.4 for the SS. On the other hand for the 
3-node resonance, this ratio is 1 and 4 and for the 4-node 
resonance 0.01 and 3 for the pontoon and the SS, respectively. 
The values of structural damping factors for the first 7 
symmetric modes used in this investigation were obtained from 
Kumais method (Bishop et al. [1979]). They are 0.00056, 
0.0012, 0.002, 0.003, 0.004, 0.0051 and 0.0063, respectively. 
It can also be seen from the graphs of principal coordinates 
that the resonance associated with a mode shape has a small but 
discernible effect on the others, due to coupling effect between 
modes. 
Vertical Deflections  
The variations of the deflection amplitudes (i.e. excluding 
rigid body motions) with wave frequency at forward and aft 
quarter lengths and amidships are shown in Fig. 7. 
For the pontoon maximum amidships deflection 
amplitudes are obtained at the resonance corresponding to the 
2-node mode, whilst maximum deflections at the quarter 
lengths are mainly obtained at the resonance corresponding to 
the 3-node mode. At these quarter length positions, the peaks 
corresponding to the 2-node resonance are smaller and show 
differences between the forward and aft quarter. This is to be 
expected since even and odd node numbered mode shapes are 
even and odd functions of distance with respect to amidships. It 
should also be noted that the peak deflection magnitudes at the 
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does occur at the resonance corresponding to the 2-node mode, 
there is a considerable peak at the 4-node resonance as well. 
Similarly, although the maximum deflection at either quarter 
length corresponds to the peak associated with the 3-node 
mode, there are smaller peaks at the 4-node resonance, whilst 
the peak associated with the 2-node is much smaller. There are 
differences in the peak magnitudes corresponding to 
resonances associated with the 4 and especially 2-node modes 
between the forward and aft quarter lengths, in both structures. 
In the SS, the magnitudes of the peak quarter length deflections 
are larger than those at amidships. 
It can, therefore, be seen that although for the pontoon 
VLFS the 2-node mode is the most significant mode in terms of 
deflections, for the SS investigated in this paper, the 3-node 
mode is more significant. This can also be further confirmed by 
examining the variation of deflection amplitude along the 
VLFS in regular head waves with lengths λ corresponding to 
λ/L = 1, 0.5 and 0.25 (equivalent to wave frequencies of 0.25, 
0.35 and 0.50 rad/s, respectively). Results for these are shown 
in Fig. 8. As can be seen, for the pontoon the deflection 
amplitudes reduce as wavelength gets shorter, and follow the 
pattern of the 2-node mode shape. On the other hand, for the 
SS, the deflection is similar to the 2-node mode shape for λ/L = 
1, but similar to the 3-node for λ/L = 0.5 and 0.25. In addition, 
at these wavelengths the magnitude of deflection can be as 
large as the one at λ/L = 1. Naturally this is a result of the low 
resonances associated with the flexible VLFS structures. It is 
also worthwhile noting that at λ/L = 1 the pontoon deflection is 
almost twice that of the SS. 
Finally the importance of the 3-node mode on the SS can 
be demonstrated in Fig. 9, where the maximum deflections for 
the pontoon and SS are shown. Although maximum deflections 
on the structures have different shapes, namely following the 
pattern of the 2-node shape for the pontoon and 3-node shape 
for the SS respectively, the magnitudes are very similar. Note 
that the pontoon deflection corresponding to the 3-node wet 
resonance is much smaller than that of the SS, which 
corresponds to the maximum deflection. It is also seen that the 
largest vertical deflections occur at the ends of the structures, 
especially the aft end. 
Longitudinal Direct Stresses 
The variations of longitudinal direct stress amplitudes at 
the forward and aft quarter lengths and amidships with 
frequency are shown in Fig. 10. It should be noted that these 
were calculated on the deck centreline. 
The stress variations with wave frequency are very similar 
to the vertical deflection variations shown in Fig. 7. There are, 
however, differences relating to the significance of wet 
resonances, and naturally the mode shape they relate to. For 
instance, for the pontoon peak direct stress amplitudes of 
similar magnitude are obtained amidships at the 2-node 
resonance and at quarter lengths at the 3-node resonance. For 






Downloanode resonance is much larger than that of the 2-node mode. 
Furthermore for the SS, the maximum direct stress amplitudes 
coincide with the resonance of the 3-node mode and occur at 
quarter lengths. In addition this magnitude is much larger than 
peak direct stresses on the pontoon. 
The variations of direct stress amplitudes along the deck 
centreline when the VLFS are stationary in wavelengths 
corresponding to λ/L = 1, 0.5 and 0.25 are shown in Fig. 11. 
Before discussing these results, one should note the 
oscillatory nature in the variation of the direct stresses along 
the deck of the SS. This is due to the presence of the 
underwater columns. The direct stress amplitudes are reduced 
considerably where the columns are located. 
In the wavelengths investigated, for the pontoon the direct 
stresses are dominated by the 2-node mode, with maximum 
values in the vicinity of amidships, except for λ = L/4 where 
the direct stress amplitudes are dominated by the 3-node mode 
and the maxima are at the vicinity of quarter lengths. 
Nevertheless, these are not significant as stress magnitudes 
reduce with reducing wavelength (for the wavelengths 
considered). On the other hand, for the SS the variation of the 
direct stresses is more similar to the 3-node mode pattern, even 
for λ/L = 1, with the maximum values occurring in the vicinity 
of the quarter lengths. 
The maximum direct stress variations along the VLFS, 
shown in Fig. 12 indicate that, magnitude-wise the SS 
experiences the larger direct stresses at quarter lengths, whilst 
the pontoon can experience large direct stresses at either 
amidships or at the quarter lengths, at wave frequencies 
corresponding to either the 2-node or 3-node resonance, 
respectively. Nevertheless, the maximum direct stress occurring 
on the SS has much larger magnitude than that on the pontoon, 
and is dominated by the 3-node mode. 
 
CONCLUSIONS AND RECOMMENDATIONS 
Two VFLS of different types, pontoon and SS, of 
dimensions of 100 m wide and 1000 m long have been 
investigated.  While the pontoon has draught of 6.25 m, the SS 
floats with a 22 m draught, both at the same displacement. The 
dynamic behaviour of both VLFS stationary in regular head 
waves is carried out using the three-dimensional, linear 
hydroelasticity theory. The conclusions that can be drawn from 
these investigations are as follows: 
1. The discretisations adopted for the structural model of 
the pontoon and SS type VLFS appear to be suitable, as far as 
can be ascertained from the predicted dry hull modal 
characteristics. 
2. As expected, both VLFS have very low dry natural 
and wet resonance frequencies associated with the distortional 
modes. Among the two structures, the SS is more flexible than 
the pontoon VLFS of length, beam and displacement. 
3. The hydrodynamic effects are different for the 
pontoon and SS structures, due to differences in the underwater 
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flexibility not only cause resonance to occur at different wave 
frequencies but also result in different trends in responses. 
5. For both VLFS, maximum centreline deflections occur 
at the aft and forward ends. 
6. For the pontoon, the 2-node mode is dominant as far 
as vertical deflections are concerned, with the maximum 
vertical deflection occurring at the corresponding resonance. 
However, for the longitudinal direct stress the 2-node and 3-
node resonances result in equally large stress magnitudes, at 
amidships and quarter lengths, respectively. 
7. Symmetric mode shapes higher than the 2-node mode 
are more influential in the dynamic behaviour of the SS in 
regular head waves, probably as a consequence of having lower 
dry natural and wet resonance frequencies than the pontoon 
VLFS. The predicted maximum deflections and longitudinal 
direct stresses in regular waves are dominated by the 3-node 
mode and occur at the corresponding resonance. The maximum 
direct stresses are experienced at the quarter length positions.  
8. Stress distribution in the SS is discontinuous. There 
are considerable stress reductions in the regions where the 
supporting columns are located. 
The investigations reported in this paper reveal some areas 
which may benefit from further studies, in order to improve 
the prediction of dynamic behaviour of VLFS in waves. These 
areas are as follows: 
1. The accuracy of the hydrodynamic idealisation 
adopted for the pontoon appears to decrease at relatively high 
frequencies, as observed by negative values predicted for 
diagonal elements of the generalised hydrodynamic damping 
matrix. Although these frequencies do not appear to have a 
significant influence on the dynamic behaviour of VLFS, this 
matter may merit further investigations. 
2. The occurrence of irregular frequencies must be got 
rid of. Techniques are currently developed to solve this 
problem and will be incorporated to solve the hydrodynamic 
problem of VLFS in the near future. For the considered 
structures, the responses are generally unaffected by the region 
of irregular frequencies since the important resonances occur 
below the onset of the irregular frequencies. 
3. The influence of antisymmetric distortions on the 
comparative dynamic behaviour of both VLFS in regular 
oblique waves needs to be assessed. This is again under 
investigation by the authors and results will be presented in the 
near future. 
4. To have a fuller picture of the comparative dynamic 
behaviour of the two types of VLFS, behaviour in irregular 
waves also merits further investigation together with the 
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Figure 3: Generalised added masses for the first four 






























Figure 4: Generalised hydrodynamic damping coefficients 










































Figure 5: Generalised wave excitation amplitudes for the 
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Figure 6(a): Principal coordinate amplitudes corresponding 
to the 2-node and 3-node modes of pontoon and SS in 
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 Figure 6(b): Principal coordinate amplitudes corresponding to the 4-node and 






















































Figure 7: Symmetric vertical deflection amplitudes at 
forward quarter, amidships and aft quarter of pontoon and 




































Figure 8: Symmetric vertical deflection amplitudes along 
the pontoon and SS in regular head waves of 3.5m 














Figure 9: Maximum symmetric vertical deflection 
amplitudes along the pontoon and SS in regular head waves 



























































Figure 10: Longitudinal direct stress amplitudes on the 
forward quarter, amidships and aft quarter (on the deck) of 










































Figure 11: Longitudinal direct stress amplitudes along the 
deck of pontoon and SS in regular head waves of 3.5m 



















Figure 12: Maximum longitudinal direct stress amplitudes 
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